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RS models

Geometrical solution to the Planck -Electroweak hierarchy problem
(Randall,Sundrum 99)

(ds)
2

= e−2kydxµdxµ + (dy)
2

(0 ≤ y ≤ πrc)

(1)

< v >

MPl

∼ e−kπrc (2)
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Fermions in the bulk

One can easily explain large hierarchies in the fermion masses by putting
them in the bulk. The mass will be proportional to the overlap integral
between the fermion profiles and Higgs field.

f (y) ∝ e−cky (3)

Small variation in the 5D mass parameter c will lead to the large
hierarchies in the fermion masses.
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RS GIM

large flavor violating operators will be suppressed
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We want to study the phenomenology of the RS models, assuming
that all the hierarchies in the fermion masses and mixings are
generated by the warp factors, and all the Yukawa couplings are of
the same order i.e. “anarchical”.

Instead of using specific 5D model we will use more economical
description, namely “two site model”(Contino,Sundrum,Kramer,Son,
06), which is 4D effective field theory obtained by truncating RS
model to the SM particles and their first KK excitations.

Based on the AdS/CFT correspondence applied to a slice of AdS,
the two-site model describes two sectors: composites of purely 4D

strong dynamics and elementary fields (which are not part of the
strong dynamics). These two sectors mix, with the resulting mass
eigenstates being the SM particles and heavier partners, which
correspond to the zero and KK modes of the 5D model.
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Elementary sector

Gauge Fields SU(3) ⊗ SU(2)L ⊗ U(1)Y

Aµ ≡ {Gµ,Wµ,Bµ} (4)

fermion electroweak doublets,

ψL ≡ {qLi = (uLi , dLi ), lLi = (νLi , eLi )} (5)

singlets,

ψ̃R ≡ {uRi , dRi , νRi , eRi}. (6)

Interactions

Lelementary = −1

4
F 2
µν + ψ̄LiDψL + ¯̃ψR iDψ̃R . (7)
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Composite Sector

SU(3) ⊗ SU(2)L ⊗ SU(2)R ⊗ U(1)X
15 heavy vector mesons

ρ∗µ = {G∗
µ ,W

∗
µ ,B∗

µ} , ρ̃µ =
{

W̃±
µ ≡ W̃1 ∓ i W̃2√

2
, B̃µ

}

. (8)

SU(2)L doublets :

χ ≡ (Qi = {Ui ,Di}, Li = {Ni ,Ei}) (9)

and SU(2)L singlets:

χ̃ =
(

Ũi , D̃i , Ẽi , Ñi

)

(10)

Higgs field SU(2)L ⊗ SU(2)R : (H, H̃)

Interactions

Lcomposite = −1

4
ρ2
µν +

M2
∗

2
ρ2
µ + |DµH|2 − V (H) +

+χ̄(iD − m∗)χ+ ¯̃χ(iD − m̃∗)χ̃− χ̄(Y u
∗ H̃χ̃u + Y d

∗ Hχ̃d) + h.c . (11)
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Mixing between composite and elementary sectors

The two sectors (composite and elementary) are connected to each other
by the mixing terms

Lmixing = −M2
∗

gel

g∗
Aµρ

∗
µ +

M2
∗

2

(

gel

g∗
Aµ

)2

+ (ψ̄L∆χR + ¯̃ψR∆̃χ̃L + h.c.).

(12)
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The elementary and composite mass eigenstates could be redefined by
new mass eigenstates

(

Aµ
ρ∗µ

)

→
(

cos θ − sin θ
sin θ cos θ

)(

Aµ
ρ∗µ

)

, tan θ =
gel

g∗
, (13)

(

ψL

χL

)

→
(

cosϕψL
− sinϕψL

sinϕψL
cosϕψL

) (

ψL

χL

)

, tanϕψL
=

∆

m∗
, (14)

(

ψ̃R

χ̃R

)

→
(

cosϕψ̃R
− sinϕψ̃R

sinϕψ̃R
cosϕψ̃R

) (

ψ̃R

χ̃R

)

, tanϕψ̃R
=

∆̃

m̃∗
. (15)

Where (Aµ, ψL, ψ̃R) are SM fields, which are massless before EWSB, and
(ρµ∗ , χL, χ̃R) are new heavy mass eigenstates prior to EWSB. To shorten
our notations we will denote

θ ≡ θ1, θ2, θ3, ϕψL
≡ ϕqLi

, ϕlLi
, ϕψ̃R

≡ ϕuRi
, ϕdRi

, ϕνRi
, ϕeRi

tan θ ≡ t, sinϕui
R
≡ su, sinϕd i

R
≡ sd , sinϕqLi

≡ sq. (16)
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Anarchy condition in the Two-Site language

The mass of the SM fermions in the Two Site model will be

H

su

sq

=Y∗v√
2
sqsu
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Anarchy condition in the Two-Site language

The mass of the SM fermions in the Two Site model will be

H

su

sq

=Y∗v√
2
sqsu

Two-Site mimics RS model =⇒



Introduction to RS models Two-site approach Two-Site Bulk Higgs correspondence Summary

Anarchy condition in the Two-Site language

The mass of the SM fermions in the Two Site model will be

H

su

sq

=Y∗v√
2
sqsu

Two-Site mimics RS model =⇒ All the hierarchies in the SM fermion
sector should be explained by the hierarchies of the mixing parameters
sq,u,d and all the Yukawa couplings are of the same order -”Anarchical”
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Interaction with vector bosons

sq

sq

+
s

= ρ∗µg
(

−c2
q tan θ + s2

q
1

tan θ

)

,

g = g∗ sin θ (17)
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Interactions with the Higgs and heavy vector bosons:

LY = −Y∗uH̃sqsu q̄LuR − Y∗dHsqsd q̄LdR

−Y∗uH̃
[

cqsuQ̄LuR + sqcu q̄LŨR

]

− Y∗dH
[

cqsd Q̄LdR + sqcd q̄LD̃R

]

−Y∗uH̃
[

cqcuQ̄LŨR + Q̄R ŨL

]

− Y∗dH
[

cqcd Q̄LD̃R + Q̄RD̃L

]

(18)

L = ρ∗µg

[

q̄LγµqL(−c2
q t + s2

q

1

t
)

]

+ ρ∗µg

[

(q̄LγµQL + Q̄LγµqL)(sqcq(1 +
1

t
))

]

+ρ∗µg

[

Q̄LγµQL(c
2
q

1

t
− s2

q t)

]

(19)
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Two Site -Bulk Higgs correspondence

Ψ(x , z) =
∑

n

ψ(n)(x)χn(c , z) (20)

Zero mode profile

χ0(c , z) = f (c)

(

z

zh

)2−c
1√
zh

(

zh

zv

)1/2−c

f (c) =

√

1 − 2c

1 − (zv/zh)2c−1
(21)

KK profile

χn(c , z) =

(

z

zh

)5/2
1

N
χ
n
√
πrc

[Jα(mnz) + bα(mn)Yα(mnz)] (22)

∫ zv

zh

dz(
zh

z
)4χ2

n(c , z) = 1 (23)
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Similarly we can make decomposition of the Higgs and the vector field

Aµ(x , z) =
∑

n

A(n)(x)fn(z) (24)

H(x , z) = v(β, z) +
∑

n

H(n)(x)φn(z) (25)

(Cacciapaglia,Csaki,Marandella,Terning 06)

v(β, z) = v4zv

√

2(1 + β)

z3
h (1 − (zh/zv )2+2β)

(

z

zv

)2+β

β =
√

4 + µ2 (26)
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Couplings between zero mode fermions and KK gluon are given by:

∼ g

(

− 1√
kπr

+ f (c)2
√

kπr

)

, g =
g5D√
πr

(27)

comparing it to the “Two-Site”

g

(

− tan θ + s2 1

tan θ

)

, g =
g∗

sin θ
(28)

sL,R ↔ fL,R (29)

1

kπrc
↔ tan2 θ

g∗ ↔ g5

√
k (30)
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The couplings between fermions and Higgs are given by the overlap
integrals

Y0 (cL, cR , β) = Y bulk
5

∫

dz
(zh

z

)5

v(β, z)χ0L(cL, z)χ0R(cR , z)/v4

YKK (cL, cR , β) = Y bulk
5

∫

dz
(zh

z

)5

v(β, z)χnL(cL, z)χmR(cR , z)/v4
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The couplings between fermions and Higgs are given by the overlap
integrals

Y0 (cL, cR , β) = Y bulk
5

∫

dz
(zh

z

)5

v(β, z)χ0L(cL, z)χ0R(cR , z)/v4

YKK (cL, cR , β) = Y bulk
5

∫

dz
(zh

z

)5

v(β, z)χnL(cL, z)χmR(cR , z)/v4

χ0(c , z)

χn(c , z)

∣

∣

∣

∣

z=zv

∝ f (c)

Y0 (cL, cR , β) ∼ YKK f (cL)f (cR)

(31)
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The couplings between fermions and Higgs are given by the overlap
integrals

Y0 (cL, cR , β) = Y bulk
5

∫

dz
(zh

z

)5

v(β, z)χ0L(cL, z)χ0R(cR , z)/v4

YKK (cL, cR , β) = Y bulk
5

∫

dz
(zh

z

)5

v(β, z)χnL(cL, z)χmR(cR , z)/v4

χ0(c , z)

χn(c , z)

∣

∣

∣

∣

z=zv

∝ f (c)

Y0 (cL, cR , β) ∼ YKK f (cL)f (cR)

(31)

comparing to the “Two Site”

Y∗ ⇐⇒ YKK (32)
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a(β, cL, cR) =
Y0 (cL, cR , β)

YKK f (cL)f (cR)

β 0 1 2 ∞
a 1.5 1 0.75 0.5
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a(β, cL, cR) =
Y0 (cL, cR , β)

YKK f (cL)f (cR)

β 0 1 2 ∞
a 1.5 1 0.75 0.5
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“Brane Higgs”

Y brane
0 =

(

Y brane
5 k

)

fLfR

Y brane
KK =

(

2Y brane
5 k

)

a = 1
2 β = ∞ (33)
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“Two Site”

YSM = Y *sl sr YHeavy = Y *clcr

a2-site ≈ 1 (34)

correponds to β = 1 case with the bulk Higgs.
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Summary

“Two Site”’ model captures robust features of the RS model, using
fewer parameters

Corresponds to the Bulk Higgs scenario

“Two Site”-RS matching

sL,R ↔ fL,R (35)

1

kπrc
↔ tan2 θ

g∗ ↔ g5

√
k

Y∗ ↔ YKK

SM states ↔ zero modes

heavy states ↔ KK modes

(36)
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